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ABSTRACT 
The Great Alaska Earthquake of 1964 (magnitude 9.2) greatly altered the 
coastal landscape in southcentral Alaska and had particularly dramatic effects on 
the Copper River Delta (CRD), an ecologically and economically important area 
within the Chugach National Forest.  The earthquake caused tectonic uplift (up to 
3.5m) of the CRD coastal tidal marsh and transformed it into a perched 
freshwater marsh.  Copper River Delta ponds, which are crucial habitat to a 
myriad of migrating songbirds, shorebirds, and waterfowl, are of particular 
interest to wildlife managers in the CRD and along the Pacific coasts of North, 
Central and South America.  This study was conducted to characterize the 
general ecology of CRD ponds, with particular focus on aquatic insect 
communities.   
Twelve ponds in two geomorphologic zones were studied to compare 
physicochemical characteristics, aquatic insect community structure and annual 
secondary production. Six ponds were in the Uplifted Marsh (UM), which was 
formed as a result of the tectonic uplift, and six ponds were in the Outwash Plain 
(OP), an area that was present before the earthquake and was relatively 
unaffected by tectonic activity.  Uplifted Marsh and OP ponds were similar with 
respect to basic physicochemical parameters.  Callicorixa vulnerata (Uhler 1861) 
(Hemiptera: Corixidae) was the numerically dominant non-dipteran taxon in 11 of
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the 12 study ponds and represented 30-81% of all non-dipterans collected. 
Densities of the numerically dominant predators, Aeshna spp. (Odonata: 
Aeshnidae) and Enallagma spp. (Odonata: Coenagrionidae) were higher in OP 
ponds (<1-20/m2) compared to UM ponds (<1-4/m2), and production was 5X 
higher in OP than in UM ponds (507 vs. 97 mg AFDM/m2/yr).  In contrast, 
secondary production of aquatic insect primary consumers such as Agrypnia spp. 
(Trichoptera: Phryganeidae) and Nemotaulius hostilis (Hagen 1873) (Trichoptera: 
Limnephilidae), although found in relatively low densities (<1-3.3/m2), was almost 
10X higher in UM ponds than in OP ponds (246 vs. 30 mg AFDM/m2/yr). Overall, 
annual secondary production of non-dipterans was greater in UM ponds than in 
OP ponds (3091 vs. 2205 mg AFDM/m2/yr).  Results from this study indicate 
distinct differences in aquatic insect community structure, secondary production, 
and functional feeding group composition in UM and OP ponds.  Creation of the 
UM ecosystem by tectonic disturbance increased the availability of suitable 
habitats for aquatic insects, particularly primary consumers, e.g., Trichoptera, 
and omnivores, e.g., C. vulnerata, which subsequently colonized UM ponds to 
take advantage of the newly abundant primary food resources (aquatic 
vegetation).  In comparison, more mature OP ponds supported higher densities 
of aquatic insect predators, particularly Odonata, while supporting lower densities 
of Trichoptera and C. vulnerata.
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Introduction 
The Copper River Delta (CRD), located in south central Alaska in the 
Chugach National Forest (Figure 1), is one of the largest wetlands in the world 
(28,300 hectares) supporting an annual migration of 5 million shorebirds, a 
thriving salmon fishery, and is the only breeding grounds for the Dusky Canada 
Goose (Branta canadensis occidentalis L.) (Crow 1971, Thilenius 1995, Bromley 
& Roth 2003).  The delta is fed by a number of glaciers and the braided river 
system of the Copper River.  Although the Chugach National Forest is the only 
forest within the National Forest System without a commercial timber industry, 
the Copper River Delta is a major focus for the United States Forest Service for 
the value of its wildlife and fisheries resources. 
A magnitude 9.2 earthquake off the south central coast of Alaska in 1964 
dramatically altered the landscape of the delta in a matter of hours.  The CRD 
was severely impacted by this tectonic shift with coastal marshlands being 
uplifted as much as 1.8 to 3.4m (Reimnitz 1966).  This “Uplifted Marsh” 
(Davidson 1998), that was tidally influenced before the earthquake, was elevated 
to the point where it was no longer under the influence of tidal action.  Biological 
communities and hydrology were highly altered as the uplifted marsh (UM) began 
to desalinate and was transformed into an elevated freshwater wetland (Boggs 
2000; Potyandy et al. 1975; Thilenius 1990).  This change in elevation 
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subsequently led to rapid ecological succession of the UM (Thilenius 
1995, DeVelice et al. 2001). 
The creation of the UM increased the relative area of the freshwater 
marsh in the CRD ~200%.  More than a thousand UM ponds now exist on the 
CRD (Figure 2), but the majority are similar in physical structure (size, depth) and 
aquatic plant communities.  Few aquatic vertebrates are found in UM ponds, and 
only one fish, the three-spined stickleback (Gasterosteus aculeatus L.),  is 
common.  It is likely that aquatic macroinvertebrates have filled the ecological 
roles more often occupied by vertebrates in similar wetland communities (Batzer 
& Wissinger 1996, de Szalay & Resh 2000).  Birds are the principle users of UM 
ponds and include both migratory and resident taxa that feed, breed and/or rear 
young in or very near the ponds.  The more common species include: dusky 
Canada geese (B. canadensis occidentalis), trumpeter swans (Cygnus 
buccinators Richardson 1832), rusty blackbirds (Euphagus carolinus Muller 
1776), Arctic terns (Sterna paradisaea Pontoppidan 1763), red-necked 
phalaropes (Phalaropus lobatus L.), short-billed dowitchers (Limnodromus 
griseus Gmelin 1789), mew (Larus canus L.), and glaucous gulls (Larus 
hyperboreus Gunneras 1767) (Thilenius 1995).  Resident terrestrial vertebrates 
that are common and significantly influence the ecology of the CRD include the 
moose (Alces alces L.), introduced in the 1950s, and the North American beaver 
(Castor canadensis Kuhl 1820), a significant manipulator of CRD watersheds, 
with the brown bear (Ursus arctos L.), wolf (Canis lupis L.), coyote (Canis latrans 
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Say 1823) and red fox (Vulpes vulpes L.) as principal mammalian predators 
(Thilenius 1995, Cooper 2007). 
 In addition to the UM, another geomorphologic area defined in the CRD 
is the outwash plain (OP).  The OP is situated further inland than the UM and 
comprises approximately the most northern 1/3 of the CRD boundary. The OP is 
characterized by freshwater influence from glacial rivers and streams and its 
predictable hydrosere.  The OP was generally unaffected by the earthquake, and 
represents a more mature ecosystem as compared to the relative young UM, 
which in its current state is only 44 years old.  Outwash Plain ponds are generally 
less uniform in physical structure (depth, size) and vegetation, although most are 
smaller than UM ponds, and in general are dominated by a different assemblage 
of emergent vegetation than UM ponds. 
 Aquatic insect communities in CRD ponds have not been well studied 
(Thilenius 1995), and are thought to be a major factor in the success and survival 
of songbirds (Passeriformes), shorebirds (Charadriiformes), and waterfowl 
(Anseriformes) that live, breed, and migrate through the CRD (Crow 1971, 
Bromley & Roth 2003).  It is likely that aquatic invertebrates in CRD ponds are 
crucial food resources for adult birds as well as juvenile birds fed by their 
parents; however this has not been investigated.  Detailed studies of aquatic 
invertebrate life histories, community structure, and secondary production CRD 
ponds will provide wildlife managers in the CRD with a better understanding of 
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the role and importance of aquatic invertebrates as prey in these naturally 
disturbed, i.e., UM, and undisturbed, i.e., OP, ecosystems. 
 Changes in invertebrate community structure in response to flooding of 
coastal wetlands has been demonstrated in other systems (Batzer 1996), and   
although the CRD was not flooded, there are many similarities between a flooded 
system and the transformation of the UM into a perched freshwater ecosystem.  
The UM that previously included a wet/dry cycle, became a perennial freshwater 
wetland, in turn eliminating insects dependent on a drought stage for 
reproduction, which has been demonstrated in other systems (Batzer 1996).  
This change in hydrology tends to favor predatory insects including dragonflies 
(Odonata), predaceous diving beetles (Dytiscidae), and predatory hemipterans 
such as water boatmen (Corixidae)(Batzer 1996).  In addition, many insect 
species exhibit more efficient growth (converting food to biomass), higher feeding 
rates, and productivity in perennial as opposed to ephemeral wetlands 
(Muthukrishnan 1992).  The frequency of tectonic activity (disturbance) and 
variability in succession stages in the CRD may also help to explain any 
community composition variability among pond types (if present).   
Reaearch Goals/Questions 
1) Is water physicochemistry different between UM and OP ponds? 
2) Are aquatic insect communities in UM and OP ponds different in terms of: 
- taxa richness? 
- abundance? 
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- community composition? 
- secondary production? 
3) What are the future implications for the CRD resulting from the transition of 
coastal, tidally-influenced marsh to freshwater systems? 
Based on patterns demonstrated in other disturbed systems I hypothesize that:  
Aquatic insect communities in UM ponds will differ in species composition and 
have greater taxonomic richness and secondary production than ponds in OP. 
 
 
Figure 1.  Study site location, West Copper River Delta, near Cordova, AK. 
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Figure 2.  Study pond locations in the West Copper River Delta, AK, with 
borderlines designating the two geomorphological zones: Outwash Plain (OP) 
and Uplifted Marsh (UM). 
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Figure 3.  Major ecosystems of the Copper River Delta, AK. 
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Methods 
Study Site 
This study was conducted in the West Copper River Delta located in south 
central Alaska (Figure 1). The Copper River Delta and its ever-expanding land 
mass are influenced by a number of glaciers that not only add meltwater to the 
system, but also bring nutrient-rich sediment onto stream banks and the coastal 
delta.  The influential glaciers in the system from west to east include: Scott, 
Sheridan, Sherman, Childs, and Miles glaciers.  The ecosystem of the Delta is 
characterized as wetlands tundra, which includes sphagnum bogs, fens, ponds, 
and sloughs.  An obvious transition is evident as one travels inland from the 
coast towards the Chugach mountain range from wetland tundra to forest 
comprised of coastal Western hemlock and Sitka spruce (Figure 3).  The wetland 
tundra, the focal area of this study, is comprised of a maze of beaver sloughs, 
ponds, streams and rivers.  Within the wetland tundra of the Delta there are 3 
major geomorphologic zones: Uplifted Marsh (UM), Outwash Plain (OP), and 
newly created marsh, that resulted from tectonic uplift.  This study was restricted 
to the UM and OP, because the new marsh is a relatively small area with few 
ponds (Figure 2). 
Copper River Delta ponds are characterized by only a few dominant 
aquatic plant species, which in this study, helped to control for variables that 
might differ among ponds that vary in vegetation.  The dominant emergent 
vegetation includes: mare’s tail (Hippuris vulgaris L.), horse tail (Equisetum sp.), 
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a variety of sedge species (Carex sp.), yellow pond lily (Nuphar polysepalum 
Engelm), and buckbean (Menyanthes trifoliata L.).  These emergent plants, in 
addition to submersed Utricularia sp. and Myriophyllum sp., not only provide a 
source of food for many aquatic invertebrates but also serve as structural habitat.  
Batzer (1996) noted that areas of open water separating beds of emergent and 
submersed vegetation are often the most productive habitats in marsh ponds. 
Sampling Regime 
Twelve ponds were selected for study across the west Copper River 
Delta; six in the OP and six in the UM (Figure 2).   Three transect lines were 
systematically placed across the west Delta in a northeast to southwest 
orientation using a detailed GIS map.  Each transect was approximately aligned 
with the general flow of the delta and was made long enough to pass through the 
OP and the UM zones.  The three watersheds in which the transect lines were 
placed were, from west to east: Scott River, Sheridan River and Alaganik Slough.  
Twenty random points numbered 1 through 20 were generated along each 
transect line using ArcGIS software, 10 in the OP and 10 in the UM.  A 50m 
buffer zone was established around each point, such that if a pond fell within the 
buffer it was chosen as a sampling site, starting with the point labeled 1 and so 
on.  If no pond fell within the buffer of a given point, the next point in the 
sequence was used until 2 ponds in each zone were found along a given 
transect for a total of twelve ponds ([2 ponds/zone] x [2 zones] x [3 transects]).  
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All ponds were sampled monthly during the growing season from June through 
September 2008, for a total of 4 sampling periods. 
Aquatic invertebrates were sampled quantitatively from each pond.  A 1m2 
PVC frame filled with insulating foam to provide floatation was used to delineate 
the area from which samples were collected.  Samples were collected using a 
250 µm D-frame net with a detachable bucket (Wildlife Supply Company 
(WildCo) Yulee, FL).  The PVC frame was randomly placed in areas within each 
dominant vegetation type and, if present, in the open water zone of each pond. 
The frame was held steady while the D-net was swept through the entire area of 
the frame, thoroughly sampling the enclosed 1 m2 area from pond sediments to 
the water surface.  Net contents were transferred to a 250 µm sieve where the 
sample was washed to remove any detritus or plant material, drained of excess 
water, and then transferred to a 15cm x 21cm bag made of 6 mil poly plastic for 
transport to the laboratory.  In the laboratory, samples were preserved with 70% 
ethanol and sealed until they could be sorted and processed.  
The number of samples collected from each pond was dependent on the 
number of dominant vegetation types present.  Two samples were taken from 
each dominant vegetation type and from open water, if open water was present.  
Open water was identified by the lack of emergent or floating vegetation.  The 
total number of replicates collected from each pond during each sampling date 
ranged from 4-8 (2-4 vegetation types X 2 replicates for each vegetation type).  
The number of samples taken from a given pond could vary during the 4 
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sampling dates, as emergent vegetation filled in the open water areas.  In these 
cases no open water samples were taken. 
Pond Physicochemical Parameters 
Three 60ml water samples were collected from each pond on each 
sampling date in June, July and August 2008, for analysis of soluble reactive 
phosphorus (SRP), nitrate (NO3-), ammonium (NH4+), iron (Fe), and suspended 
chlorophyll a.  Samples were collected with a 60ml Luer-Lok tip syringe (BD, 
Franklin Lakes, NJ).  Water for nutrient analyses was filtered into 60ml clear 
polyethylene bottles (Nalgene) using a 25mm diameter Pall Type A/E Glass Fiber 
Filter (1 µm pore size) held in a Pall 25mm Easy Pressure Syringe Filter Holder.  
Filtered samples were frozen for laboratory analysis.  Soluble reactive 
phosphorus and NO3- concentrations were determined using a Lachat QC8500 
Flow Injection Autoanalyzer (Lachat Instruments, Loveland, CO, USA) and the 
ascorbic acid method (APHA 1995) and cadmium reduction method (APHA 
1995), respectively.  Ammonium concentrations were determined using a 
Spectronic Genesys 2 Spectrophotometer (Spectronic Instruments, Inc. 
Rochester, NY, USA) and the phenol-hypochlorite method (Solorzano 1969, 
APHA 1995).  Three 500ml bulk water samples for chlorophyll a were collected 
from each pond and filtered in the laboratory through 1 µm pore glass fiber filters 
(47mm)  (Pall Corp., Ann Arbor, MI). Filters were folded and stored frozen in 
black film canisters for later analysis.  Chlorophyll a samples were analyzed on a 
fluorometer (TD-700, Turner Designs) following methanol extraction (APHA 
12 
 
 
1995). Metals were analyzed on an ICP-OES (3300XL Simultaneous, Inductively 
Coupled Plasma Optical Emission Spectrometer, Perkin-Elmer).  Iron 
concentrations in the ponds are of particular interest in this study and were 
analyzed as total Fe because it is not possible to differentiate Fe(II) and Fe(III) 
using plasma emission spectroscopy (APHA 1995).  Preliminary observations 
suggested that there were striking differences in iron flocculate levels between 
UM and OP ponds. Iron flocculate is known to limit oxygen availability for aquatic 
invertebrates and could be a factor influencing invertebrate community structure 
in the ponds (Warnick & Bell 1969, Rasmussen & Lindegaard 1988). 
A YSI 556 MPS multiparameter meter was used to record a suite of 
physicochemical properties in each pond including: temperature, specific 
conductance, total dissolved solids (TDS), salinity, dissolved oxygen, % 
dissolved oxygen, pH, and oxygen reduction potential.  Physicochemical 
parameters were recorded from three depths at one location in each pond and 
the depths were noted for each reading.  The depth of each reading differed 
depending on pond depth, but in general were taken close to maximum depth, 
mid-water column, and near the water surface.  The approximate maximum 
depth of each pond also was recorded. 
Aquatic Invertebrate Sample Processing 
Each aquatic invertebrate sample was sorted under a dissecting 
microscope (Leica 6.3-50X stereomicroscope).  Aquatic invertebrates were 
removed from  plant material and detritus using forceps and placed in a 60ml 
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screw top jar (Wheaton Science No.:W216903) with  70% ethanol as a 
preservative.  Each sample was then split in half using a Folsom Plankton Splitter 
(Wildlife Supply Company) to facilitate sample processing.  Insects with a body 
length of more than 20mm were removed prior to splitting (Waters 1969).  
Densities of all other taxa were multiplied by 2 prior to calculations.  Aquatic 
insects were separated by order and identified using keys from the following:  for 
general identification- Merritt et al. (2008), Odonata- Walker (1953), Trichoptera- 
Wiggins (1996), and Dytiscidae- Larson et al. (2000).  Due to time constraints, 
Diptera were only identified to family and were not included in further analyses. 
Secondary Production 
Secondary production was calculated for the numerically dominant non-
dipteran aquatic insect taxa using the size-frequency method adjusted for the 
cohort production interval (CPI)(Hynes & Coleman, 1968; Hamilton 1969; Waters 
1977; Benke 1979, 1984).  Five taxa representing 76% of all non-dipteran 
aquatic insects collected were chosen for secondary production estimates based 
on their abundance in most if not all 12 ponds.  Secondary production estimates 
were calculated for: Callicorixa vulnerata (Hemiptera: Corixidae), Aeshna spp. 
(Odonata: Aeshnidae), Enallagma spp. (Odonata: Coenagrionidae), Nemotaulius 
hostilis (Trichoptera: Limnephilidae) and Agrypnia spp. (Trichoptera: 
Phryganeidae).  Total body length measurements were recorded and ash-free 
dry mass (AFDM) was calculated for size classes of individuals from each of the 
five taxa. Length/mass regressions were generated for the 5 numerically 
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dominant non-dipteran taxa.  Regressions with the highest R2 value were 
selected for biomass determination.  Exponential regressions provided the best 
fit for Agrypnia spp.  and C. vulnerata, whereas power regressions provided the 
best fit for N. hostilis, Enallagma spp. and Aeshna spp. (Table 1).  
Cohort production intervals (CPI) for each taxon were determined by 
analyzing the distribution of size classes during the study period (Benke 1979).  If 
the life history of a taxon could not be determined, CPI’s from published data 
were used.  Aeshna spp. and Enallagma spp. were assigned CPI’s of 48 months 
and 12 months, respectively (Walker 1953, Corbet 1999).  Agrypnia spp. and N. 
hostilis were assigned a CPI of 12 months (Wiggins 1996, 1998, Wissinger et al. 
2003) as was C. vulnerata.  Secondary production values were calculated for all 
5 taxa in each pond as mg AFDM/ m2 / yr. 
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 Table 1.  Size classes, number of individuals weighed and regression 
equations for the calculation of AFDM for each size class for numerically 
dominant taxa in the Copper River Delta, AK (2008).   For regression 
equations: (x)= total body length (mm) and AFDM= ash-free dry mass. 
Size Classes (mm) n n  (total) Regres sion Equation R2
Aeshna        4 12
18 2
34-35 4 27 AFD M = 7E-08x3.6 91 0.99
40-42 6
46-48 3
Enallagma    6-8 6
9-11 9
12-14 9 44   AFDM = 1E-06x2.7693 0.98
15-17 9
18-20 9
21-22 2
Agrypnia       5-6 20
11-12 12 42    AFDM = 6E-05e0.2176 x 0.99
15-16 8
24-25 2
Nem otaulius hostilis    5-6 20
18-19 4 26   AFDM = 1E-06x2.5531 0.99
29-30 2
Callicorixa vulnerata  1 50
2 30
3 50
4 50 330   AFDM = 2E-05e0.6842 x 0.98
5 50
6 50
7-8 (Adults) 50
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Data Analyses 
Non-metric multidimensional scaling (nMDS) was used to compare 
relative similarities and differences in community composition, secondary 
production, and water quality among ponds (Primer 5, Primer-E Ltd.).  Non-
metric multidimensional scaling is an ordination procedure that produces 
graphical representations of relative similarities/dissimilarities of samples based 
on any number of variables. Similarity matrices were created using Bray-Curtis 
and presence/absence similarities with square root transformations.  Production 
values were square root transformed to reduce the impact of the numerically 
dominant Corixidae.  Bray-Curtis similarities were used for any nMDS with 
aggregate data (eg.,community composition, secondary production and water 
quality), whereas presence/absence similarities were analyzed for nMDS of 
community composition only.  Non-metric multidimensional scaling graphs can 
be presented in 3-D or 2-D form and can include bubbles for each sample based 
on a single selected variable.  Bubble size is relative to the variable chosen for all 
samples.  The 2-D representation of the nMDS was used in this study.  The 
Primer 5 program also reports a stress value for each ordination which reflects 
how well the nMDS ordination displays the actual distances (similarities) among 
the ponds (Holland 2008).  Generally a stress value of <0.05 indicates that the 
ordination is an excellent representation of the similarities among samples, <0.1 
is a good representation, <0.2 is a potentially useful plot and >0.3 is essentially a 
random plot of the similarities among the samples.  The lower the stress value, 
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the more easily the ordination can be interpreted and the lower the chance that it 
will be misinterpreted. 
Results 
Pond Physicochemical Parameters 
Physical and chemical properties of pond water from the 12 study sites 
were collected from June-August 2008.  Pond temperatures ranged from 10.7°C 
in June to a high of 17.3°C in August (Figure 4), alt hough the rise in temperature 
was often not linear.  In fact, many of the ponds, particularly those in the UM, 
showed no increase or a mean decrease in water temperature from June to July.  
One example was Scott Uplift (ScU) ponds that had the highest temperatures in 
June (ScU2=15.1°C; ScU3=15.5°C) and August (ScU2=16.7°C;  ScU3=17.3°C) 
of all of the sampled ponds, but nearly the coldest temperatures in July 
(ScU2=11.6°C;ScU3=11.3°C).  Sheridan Uplift (ShU) pon ds had the highest 
temperatures in July (ShU2=16.3°C, ShU3=16.6°C).  A different pattern was 
observed among the OP ponds. Only the Alaganik Outwash (AO) showed no 
increase or decrease in mean water temperatures from June to July, whereas 
Sheridan and Scott Outwash (ShO, ScO) ponds increased during that same 
period.  Although temperatures increased steadily in ScO4 from June-August, the 
mean temperature for this pond during the entire sampling period was the lowest 
of the 12 ponds (11.1°C).  Sheridan Outwash #1 (ShO1 ) was the only other pond 
with a linear increase in water temperature during the study, whereas three 
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ponds had a decrease in water temperature from July to August (Sheridan 
Outwash #2 (ShO2), Scott Outwash #5 (ScO5), and Sheridan Uplift #2 (ShU2)).  
All ponds were relatively shallow with a maximum depth range of 35-
120cm (Table 2).  Mean dissolved oxygen (DO) concentrations in ponds during 
this study ranged from 7.2-10.6 mg/l.  ScO4 had the lowest DO levels (7.23 mg/l) 
among all of the study ponds (Table 2).  The pH of ponds differed between 
sampling dates (Table 2).  ScO4 had the lowest recorded pH during this study 
(2.7) and AO1 had the highest (10).  There was also a pattern in pH evident 
between pond types.  Outwash plain ponds on average had a higher pH ~6, 
while Uplifted Marsh ponds had a mean pH of ~5.  The remaining water quality 
data were highly variable among sampling dates in most ponds, with no obvious 
patterns between ponds or pond types.  
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AO1 AO4 AU1 AU2 ScO4 ScO5 ScU2 ScU3 ShO1 ShO2 ShU2 ShU3
Maximum Depth (cm) 75 55 35 35 75 120 50 70 35 75 100 50
Temperature- ºC (June) 12.63 12.34 13.55 12.38 10.72 13.09 15.17 15.55 13.61 12.85 13.28 12.43
Temperature- ºC (July) 12.47 12.28 12.84 11.67 10.97 14.7 11.63 11.32 14.45 13.21 16.3 16.61
Temperature- ºC (Aug) 15.71 14.43 14.96 13.96 11.77 14.37 16.77 17.31 15.08 12.15 15.15 16.68
pH (June) 5.59 5.39 5.47 5.66 2.74 6.63 6.2 6.37 8.36 8.78 8.47 8.3
pH (July) 9.97 5.17 4.44 4.95 6.17 6.27 5.21 2.98 4.08 6.04 5.1 4.97
pH (Aug) 5.72 5.71 5.05 3.88 6.04 5.96 5.82 6.14 4.81 6.27 5.44 5.17
Mean pH 7.09 5.42 4.99 4.83 4.98 6.29 5.74 5.16 5.75 7.03 6.34 6.15
DO- mg/L (June) 10.07 10.28 10.05 10.3 7.77 12.21 11.1 10.47 9.42 10 9.56 9.82
DO- mg/L (July) 9.64 7.8 9.84 9.79 6.83 9.9 11.63 10.86 8.71 9.27 7.33 8.71
DO- mg/L (Aug) 9.57 6.79 7.71 9.05 7.11 8.29 7.55 10.5 10.61 9.06 7.08 12.05
Mean DO- mg/L 9.76 8.29 9.20 9.71 7.24 10.13 10.09 10.61 9.58 9.44 7.99 10.19
NH4+-N- µg/L (June) 5.09 5.57 5.01 5.52 5.57 5.57 6.15 6.33 7.34 2.95 5.34 5.26
NH4+-N- µg/L (July) 1.94 2.60 2.98 3.66 6.15 2.80 4.78 6.02 6.41 4.20 3.54 2.98
NH4+-N- µg/L (Aug) 1.25 1.99 2.65 2.37 2.65 1.63 2.04 2.34 2.90 1.56 3.00 2.34
Mean NH4+-N- µg/L 2.76 3.39 3.55 3.85 4.79 3.33 4.32 4.90 5.55 2.90 3.96 3.53
SRP- µg/L (June) 2.80 3.22 2.53 15.00 3.22 7.72 2.76 6.33 5.37 6.68 2.97 2.83
SRP- µg/L (July) 2.52 3.05 4.35 2.95 7.06 8.30 3.08 5.33 4.63 7.89 3.61 2.84
SRP- µg/L (Aug) 3.20 3.70 3.34 3.43 6.32 5.97 2.70 2.30 6.24 9.06 2.99 2.30
Mean SRP- µg/L 2.84 3.33 3.41 7.13 5.53 7.33 2.85 4.65 5.41 7.88 3.19 2.66
NO3--N- µg/L (June) 1.45 1.70 1.24 1.56 1.70 1.65 1.98 1.32 1.84 0.41 0.68 1.64
NO3--N- µg/L (July) 2.50 1.73 1.31 0.77 1.89 2.28 1.36 1.72 1.47 1.49 1.27 1.26
NO3--N- µg/L (Aug) 0.68 1.79 1.34 1.73 1.80 0.03 0.34 0.59 0.78 0.40 0.57 0.59
Mean NO3-N- µg/L 1.54 1.74 1.30 1.35 1.80 1.32 1.23 1.21 1.36 0.77 0.84 1.16
chl a- µg/L(June) 1.89 4.16 2.58 4.28 4.16 2.16 1.53 3.01 5.11 0.80 7.54 2.77
chl a- µg/L (July) 1.87 2.26 2.94 2.05 1.11 6.12 1.72 2.32 2.94 2.35 3.96 2.39
chl a- µg/L (Aug) 1.04 2.56 2.67 2.88 1.73 4.28 2.90 2.00 1.37 0.55 4.52 2.00
Mean chl a- µg/L 1.60 2.99 2.73 3.07 2.33 4.18 2.05 2.45 3.14 1.23 5.34 2.39
AFDM-g (June) 0.70 0.47 0.57 0.67 0.47 0.40 0.30 0.80 0.77 0.20 1.20 0.75
AFDM-g (July) 0.70 0.83 0.95 1.10 0.60 0.70 0.10 0.77 1.25 0.60 0.70 0.47
AFDM-g (Aug) 0.60 0.60 0.77 1.00 1.07 0.50 0.67 1.00 0.95 0.90 1.10 1.00
Mean AFDM-g 0.67 0.63 0.76 0.92 0.71 0.53 0.36 0.86 0.99 0.57 1.00 0.74
Total [Fe]- µg/L (June) 119.0 176.0 172.6 201.0 176.0 118.7 101.9 653.3 563.8 184.1 205.7 184.9
Total [Fe]- µg/L (July) 130.8 362.9 856.4 347.9 393.9 146.9 89.3 536.5 422.4 226.0 196.5 204.0
Total [Fe]- µg/L (Aug) 272.7 518.0 609.3 691.0 390.3 292.3 147.1 534.7 1314.1 305.5 569.7 534.7
Mean Total [Fe]- µg/L 174.2 352.3 546.1 413.3 320.0 186.0 112.8 574.8 766.8 238.6 323.9 307.9
ORP (June) 244.63 215.23 96.57 149.13 291.57 193.30 166.37 110.73 223.00 157.67 210.33 226.00
ORP (July) -149.80 206.20 -106.80 187.60 -102.20 178.43 151.23 595.23 235.43 198.10 212.57 207.72
ORP (August) 121.70 136.13 -16.13 -2.47 4.60 79.30 105.60 4.57 159.63 101.40 20.83 108.93
Mean ORP 72.18 185.86 -8.79 111.42 64.66 150.34 141.07 236.84 206.02 152.39 147.91 180.88
TDS- g/L (June) 0.022 0.027 0.012 0.013 0.036 0.030 0.038 0.024 no data no data no data no data
TDS- g/L (July) 0.018 0.019 0.006 0.009 0.012 0.039 0.033 0.018 0.019 0.037 0.010 0.006
TDS- g/L (August) 0.101 0.034 0.011 0.012 0.042 0.042 0.023 0.037 0.016 0.032 0.010 0.005
Mean TDS- g/L 0.047 0.027 0.010 0.011 0.030 0.037 0.031 0.026 0.018 0.035 0.010 0.006
Table 2. Physicochemical parameters of 12 ponds in the Copper River Delta, AK 
(2008). 
AO1=Alaganik Outwash #1              AO4=Alaganik Outwash #4 
AU1=Alaganik Uplift #1        AU2=Alaganik Uplift #2                   
ScO4=Scott Outwash #4    ScO5=Scott Outwash #5 
ScU2=Scott Uplift #2         ScU3=Scott Uplift #3 
ShO1=Sheridan Outwash #1            ShO2=Sheridan Outwash #2 
ShU2=Sheridan Uplift #2    ShU3=Sheridan Uplift #3 
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Community Composition 
A total of 304 benthic macroinvertebrate samples were collected from 
June-September 2008, and all non-dipteran aquatic insects (3699 individuals) 
were identified to the lowest possible taxon.  Aquatic insects in 5 orders, 20 
families, and at least 30 genera were collected (Table 3).  Total number of taxa 
present in each pond ranged from 9 (Sheridan Outwash #1-ShO1) to 18 
(Alaganik Outwash #4-AO4, Sheridan Uplift #2-ShU2) (Table 4).  Generally, 
aquatic insect taxa richness was lower in Outwash Plain (OP) ponds (mean ~11 
taxa/pond) than Uplifted Marsh (UM) ponds (mean >15 taxa/pond). 
Callicorixa vulnerata (Hemiptera: Corixidae) was the numerically dominant 
aquatic insect taxon comprising (61%) of all non-dipteran taxa collected during 
this study followed by Trichoptera (23%), Odonata (9%), Coleoptera (7%), and 
Ephemeroptera (1%)(Table 5).  Non-dipteran aquatic insect communities in 10 of 
the 12 ponds were numerically dominated by Corixidae; which comprised 30%-
81% of all non-dipteran aquatic insects (Table 5). The exceptions were the 
Alaganik Outwash (AO) ponds, that were numerically dominated by Trichoptera, 
and also had the highest percentage of Odonata (24%), primarily Enallagma spp. 
(Odonata: Coenagrionidae), of all pond types.  Uplifted Marsh (UM) ponds had 
nearly two-fold the number of total non-dipterans than Outwash Plain (OP) ponds 
(Table 5), primarily due to the large numbers of corixids collected in the UM 
ponds (1644 (UM) vs. 613 (OP)).  
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The numerically dominant Odonata were Aeshna spp., Enallagma spp., 
Lestes disjunctus, Libellula quadrimaculata and Leucorrhinia spp.  Oxyethira sp., 
Nemotaulius hostilis and Agrypnia spp. were the numerically dominant 
Trichoptera.  The numerically dominant Coleoptera were Agabus spp., Dytiscus 
sp. and Haliplus sp.  Ephemeroptera were rare and were represented by two 
taxa, Siphlonura sp. and Caenis sp., with Siphlonura sp. collected in more ponds 
than Caenis sp. (Table 5). 
Secondary Production 
Most of the numerically dominant aquatic insect taxa were collected in all 
ponds sampled across the Delta (Table 5), however, densities and secondary 
production estimates differed between ponds and pond types (Table 6).  
Although the taxa used in secondary production calculations were numerically 
dominant, densities were low (<1-46/m2). Callicorixa vulnerata was the only 
species present in relatively high numbers in all ponds except Scott Outwash 
#4(ScO4) with mean densities during this study ranging from 3-46/m2, which was 
the largest range of density of the 5 numerically dominant taxa.  Callicorixa 
vulnerata also had the highest secondary production rates in 11 of 12 ponds (62-
886 mg/m2/yr). Scott Outwash #4 was the only pond where no C. vulnerata were 
collected. 
Only five ponds had sufficient densities of N. hostilis to calculate 
secondary production and mean densities (<1-2.5/m2) and secondary production 
estimates for N. hostilis (1.5-4.5 mg/m2/yr) were the lowest of the 5 taxa in this 
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study.  Densities were sufficient to calculate secondary production of N. hostilis in 
all UM ponds, except for those in the Alaganik watershed (Table 6), but in only 
one OP pond (ScO5).  Densities of Agrypnia spp. were also low, with a range of 
<1-3.3/m2.  As with N. hostilis, the UM ponds had the highest densities of 
Agrypnia spp., with a relatively small range of secondary production values (21-
64 mg/m2) (Table 6).  Only one OP pond (AO1) had a sufficient density of 
Agrypnia spp. to calculate secondary production.   
The range of densities for Aeshna spp. during this study was <1-5.4/m2 
and Aeshna spp. was collected in all of the OP ponds, but only one of the uplifted 
marsh ponds (ShU2) had sufficient densities to calculate secondary production 
(Table 6).  ScO4 had nearly ten-fold the secondary production (293 mg/m2/yr) of 
Aeshna spp. than the pond with next highest value (ShU2- 32 mg/m2/yr).  Only 5 
of the 12 ponds sampled had sufficient densities of Aeshna spp. to calculate 
secondary production.  Densities of Enallagma spp. were low during this study, 
with a range of <1-4.6/m2.  Alaganik Outwash ponds had the highest densities of 
Enallagma spp. and nearly 3 times the secondary production (60-68 mg/m2) 
compared to other ponds with sufficient densities for secondary production to be 
calculated (range of 10-24 mg/m2/yr). 
Overall, UM ponds had higher secondary production rates of the two 
caddisfly genera (Agrypnia spp., N. hostilis) when compared to OP ponds (Table 
6).  In most cases densities of these two taxa in OP ponds were too low for 
secondary production to be calculated.  The opposite pattern was seen for the 
23 
 
 
Odonata genera (Aeshna spp., Enallagma). Outwash Plain ponds had higher 
densities and higher corresponding secondary production values than most of 
the UM ponds.  ScO4 was clearly dominated by Aeshna spp., both numerically 
and in estimated secondary production.  Aeshna spp. was the only taxon with 
sufficient densities in ScO4 for secondary production to be calculated.  To display 
these patterns more clearly, the 5 taxa were divided into 2 trophic guilds (primary 
consumers and predators).  Callicorixa vulnerata, N. hostilis and Agrypnia spp.  
were categorized as primary consumers and Aeshna spp. and Enallagma spp. 
sp. were categorized as predators.   Secondary production values were summed 
for each trophic guild for all of the ponds in each pond type (Table 6).  Total 
primary consumer production in UM ponds was two-fold that of OP ponds, 
whereas total predator production was 5x higher in OP than the UM ponds.    
 
 
Ephemeroptera Odonata Hemiptera Coleoptera Trichoptera
Caenidae Aeshnidae Corixidae Chrysomelidae Hydroptilidae
Caenis Aeshna Callicorixa vulnerata Donacia Oxyethira
Siphlonuridae Coenagrionidae Gerridae Dytiscidae Limnephilidae
Siphlonura Enallagma Gerris Agabus Glyphopsyche irrorata
Corduliidae Trepobates Dytiscus Halesochila
Cordulia shurtleffii Rhantus Lenarchus
Lestidae Thermonectus Nemotaulius hostilis
Lestes disjunctus Gyrinidae Phryganeidae
Libellulidae Gyrinus Agrypnia
Libellula quadrimaculata Haliplidae Banksiola
Leucorrhinia Haliplus Fabria
Staphylinidae Phryganea cinerea
Leptoceridae
Oecetis
Molannidae
Molannodes
Polycentropodidae
Polycentropus
 
Table 3.  Taxonomic list of all non-dipteran aquatic insects collected from 
ponds located in the Copper River Delta, Alaska, June-September 2008. 
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1
 No Corixidae collected in Scott Outwash #4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.  Total non-dipteran benthic macroinvertebrates in Copper River Delta 
ponds, Alaska, June-September 2008.  Taxa separated by order (family in case 
of Corixidae), with percent of total abundance for each pond type (2 ponds 
sampled per pond watershed and geomorphic zone). 
 
Total Corixidae Trichoptera Odonata Coleoptera Ephemeroptera
Alaganik Outwash 449 135 (30%) 175 (39%) 109 (24%) 27 (6%) 3 (<1%)
Scott Outwash 513 306 (60%)¹ 49 (10%) 58 (11%) 98 (19%) 2 (<1%)
Sheridan Outwash 348 172 (49%) 125 (36%) 29 (8%) 21 (6%) 1 (<1%)
Outwash Plain 1310 613 (47%) 349 (27%) 196 (15%) 146 (11%) 6 (<1%)
Alaganik Uplift 835 674 (81%) 116 (14%) 14 (2%) 23 (3%) 8 (1%)
Scott Uplift 451 201 (45%) 164 (36%) 40 (9%) 46 (10%) 0 (0%)
Sheridan Uplift 1103 769 (70%) 214 (19%) 72 (7%) 48 (4%) 0 (0%)
Uplifted Marsh 2389 1644 (69%) 494 (21%) 126 (5%) 117 (5%) 8 (<1%)
Total Non-Dipterans 3699 2257 (61%) 843 (23%) 322 (9%) 263 (7%) 14 (<1%)
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Table 5. Community composition from 12 ponds Sampled in the Copper River 
Delta, AK June-September 2008 with relative abundance in each pond.   
(-)=Absent, (X)=Rare, (O)=Common, (+)=Abundant 
AO1 AO4 AU1 AU2 ScO4 ScO5 ScU2 ScU3 ShO1 ShO2 ShU2 ShU3
# of Taxa Present 15 18 15 13 11 15 12 17 9 10 18 17
Ephemeroptera
     Siphlonuridae
Siphlonura - X X - X X - - - X - -
     Caenidae
Caenis X - X - - - - - - - - -
Odonata
     Lestidae
Lestes disjunctus X - X - - - O O O O O X
     Libellulidae
Libellula quadrimaculata X X - - - - X - - X X -
Leucorrhinia X O O X O X - X - - X X
     Corduliidae
Cordulia shurtleffii X X - - - - - - - - X X
     Aeshnidae
Aeshna X X X - + O X X X O O X
     Coenagrionidae
Enallagma + + - - - X O O - X O O
Hemiptera
     Corixidae
Callicorixa vulnerata O O + + - + O + X X + +
Coleoptera
     Dytiscidae
Agabus X O X O O X - X X X O X
Dytiscus X X X - - X X X - - O O
Rhantus - - - - - - - - - - X -
Thermonectus - - - X - - - X - - X -
     Haliplidae
Haliplus - X - - O O X X X X X X
     Gyrinidae
Gyrinus - X - X X X - X X - X X
     Chrysomelidae
Donacia - - X X - X X X - - - -
     Staphylinidae X X - X X X X X - - - X
Trichoptera
     Hydroptilidae
Oxyethira + + + X X X + + + + + +
     Limnephilidae
Glyphopsyche irrorata - - X X - O - - - - - -
Halesochila - - - - - X - - - - - -
Lenarchus - - - - - - - - O - - -
Nemotaulius hostilis + + O O - O O O X X O O
     Phryganeidae
Agrypnia X O O O X - O + - - O +
Banksiola - - X X - - - - - - - X
Fabria - X - - - - - - - - X -
Phryganea cinerea - X - X - - - - - - - X
     Leptoceridae
Oecetis - - - - - - - X - - - -
     Molannidae
Molannodes - - - - X - - - - - - -
     Polycentropodidae
Polycentropus X X X X X - - X - - X X
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Non-metric Multidimensional Scaling 
Non-metric multidimensional scaling (nMDS) incorporating secondary 
production, mean water temperatures, and community composition 
(presence/absence of all species found during this study) revealed the relative 
similarities between ponds and pond types (OP/UM)(Figure 5).  The stress value 
of 0.07 indicates that the nMDS is a strong representation of the similarities 
between ponds.   Uplifted marsh ponds formed a group in the nMDS plots, and 
as expected UM ponds from the same watershed are paired relatively closely.  
Outwash Plain ponds display greater variability, as they do not form a group and 
are spread across the plot.  Scott Outwash 5 and AO4 appear to be more similar 
to UM ponds than OP ponds.  This nMDS shows fairly strong differences 
between UM and OP ponds, while showing more variability within OP ponds than 
within UM ponds. 
An nMDS ordination of only community composition (presence/absence) 
data, displayed similarities within each particular pond type (Figure 6).  There 
was strong grouping of UM ponds, with OP ponds spread across the ordination 
and less clustered.  Although OP ponds were not highly clustered, they appear 
more similar to each other than to UM ponds.  In contrast, AO ponds show a 
strong similarity with the UM ponds, which may indicate that they are truly UM 
ponds (due to their position near the UM/OP border (Figure 3)), or that they are 
an intermediate between UM and OP.  Although variability of species 
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presence/absence data is expected in any system, this nMDS indicates that 
there are most likely distinct differences between the two pond types. 
Two additional nMDS ordinations were constructed to identify whether 
physicochemical properties were similar among ponds.  The first included only 
the suite of pond physicochemical parameters (Figure 7).  The second included 
secondary production, community composition (presence/absence) of all species 
and the entire suite of physicochemical parameters (Figure 8).  Both of these 
ordinations did not display strong relationships or similarities between ponds or 
pond types, although the stress values were 0.03 and 0.04, respectively. 
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Figure 5.  Non-metric multidimensional scaling ordination of 12 ponds from the 
Copper River Delta, AK using secondary production, mean water temperature 
and community composition data (2008). 
 
AO1=Alaganik Outwash #1 AO4=Alaganik Outwash #4 
AU1=Alaganik Uplift #1  AU2=Alaganik Uplift #2 
ScO4=Scott Outwash #4  ScO5=Scott Outwash #5 
ScU2=Scott Uplift #2  ScU3=Scott Uplift #3 
ShO1=Sheridan Outwash #1 ShO2=Sheridan Outwash #2 
ShU2=Sheridan Uplift #2  ShU3=Sheridan Uplift #3 
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Figure 6.  NMDS of 12 ponds from the Copper River Delta, AK using only 
community composition data.   
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Figure 7.  NMDS of 12 ponds from the Copper River Delta, AK using only 
water quality data.   
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Figure 8.  NMDS of 12 ponds from the Copper River Delta, AK using 
secondary  production, water quality and community composition data.  
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Discussion 
Pond Physicochemical Parameters 
Physicochemical variables such as pond size, macrophyte coverage, 
water depth, water temperature, dissolved oxygen, pH and nutrient 
concentrations have been reported to influence wetland insect communities 
(Batzer & Wissinger 1996), and have the potential to explain variability in insect 
communities in Copper River Delta (CRD) ponds.  Unfortunately many of the 
parameters were highly variable among sampling dates within ponds, with no 
obvious patterns among ponds or pond types.  This variability masked the ability 
to use most physicochemical parameters as explanatory variables for differences 
among pond types  Some variables, such as hydrology, pH and water 
temperature, however, could  be used to explain  similarities or differences 
among ponds and between pond types. 
Hydrology   
Because all 12 ponds in this study were perennially flooded, the absence 
of  aquatic insects that rely on drought for one or more life stages is not 
surprising (Batzer & Wissinger 1996).  Although pond size was not estimated in 
this study, and is difficult to calculate because of variations in water level 
throughout the summer, it was observed that pond size did vary among ponds, 
and particularly between pond types.  Outwash Plain (OP) ponds generally were 
smaller in area than UM ponds.  Differences in pond size can likely be explained 
by the vegetation succession and hydrosere in OP ponds.  Pond depth did not 
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vary substantially among ponds and maximum depth of all ponds ranged from 
35-120cm (Table 2).  Copper River Delta ponds are shallow compared to non-
wetland lentic habitats, but are typical of wetland habitats (Batzer & Wissinger 
1996).  One variable that was not quantified in this study was ice thickness 
during winter in ponds on the Delta.  It is possible that particularly shallow ponds, 
such as Alaganik Uplift ponds, freeze completely to the pond bottom, whereas 
deeper ponds, such as Scott Outwash #5 or Sheridan Uplift #2, have at least 
some unfrozen water beneath the layer of ice.  Differences in ice cover among 
ponds could be an important factor in influencing aquatic insect communities.  
Batzer & Wissinger (1996) noted that “deeper ponds of peatlands can be 
particularly productive habitats for insects”, although this relationship was not 
investigated in this study. 
pH 
In general, pH of water in wetland habitats have been shown to have little 
impact on insects (Batzer & Wissinger 1996).  This may also be the case in CRD 
ponds, but differences in pH were observed among ponds (Table 2).  The mean 
pH range of ponds during the study was ~5-6, and on average OP ponds had a 
slightly higher pH than UM ponds.  The slightly acidic pH values are not 
surprising given the large amount of vegetation decay that occurs in the ponds. 
Water Temperature 
Mean annual water temperature plays a significant role in influencing 
aquatic insect assemblages (Batzer & Wissinger 1996, Merritt et al. 2008).  
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Water temperature was recorded during the sampling period from June-August 
2008, however water temperatures need to be recorded for an entire year to 
determine mean annual values because the low water temperature range is often 
the limiting factor for aquatic insect assemblages in temperate climates (Batzer & 
Wissinger 1996).  Temperate wetland water temperatures generally increase 
during the summer months, but this pattern was not seen in the CRD study 
ponds (Figure 4).  Many of the study ponds had a decrease in mean water 
temperature from either June to July or from July to August.  This phenomenon is 
likely not due to variability in air temperature, but rather to increased melting and 
calving of glaciers in the summer months as a result of increases in average air 
temperature and sun exposure (Nye 1960) on the CRD. These changes will 
cause a decrease in water temperatures of watersheds receiving glacial 
meltwater.  A particular example of this phenomenon was seen in the Scott Uplift 
ponds from June-August 2008 (Figure 4).  Mean water temperature in both 
ponds decreased by ~4°C from June to July, followed by a  subsequent increase 
in water temp of ~5.5°C from July to August.  Only o ne other pair of ponds 
(Sheridan Uplift ponds) had a substantial change in water temp (~3.5°C increase 
from June to July).  The reason for this large change in water temperatures in 
Scott Uplift ponds is not known, however such a change could affect the 
development of aquatic insects in these ponds.  Further recordings of water 
temperature taken after this study have revealed a similar trend in other ponds 
and in subsequent years (S. Tiegs, Oakland University, MI, personal 
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communication).  Aquatic insects must be adapted to these seasonal variations 
and colder water temperatures in July may slow growth of aquatic insects in 
ponds experiencing these changes.   It should also be noted that Scott Outwash 
#4 had, on average, the lowest water temperature during the entire sampling 
period, which likely limits species diversity, as some taxa may require warmer 
temperatures to complete metamorphosis or to reproduce. 
Aquatic Insect Community Composition 
Non-dipteran taxa diversity in study ponds was low, with only 29 total taxa 
and a mean of14 taxa/pond.  The short growing season, year round cool 
temperate climate, lack of macrophyte diversity (Thilenius 1995), and low habitat 
diversity are all possible explanations for this low taxa richness.  Generally, 
Uplifted Marsh (UM) ponds had higher mean taxa richness than Outwash Plain 
(OP) ponds and likely stems from differences in disturbance regimes between 
the two pond types in accordance with the Intermediate Disturbance Hypothesis 
(IDH; Connell 1978).  
The IDH states that species diversity/richness is maximized when 
ecological disturbance is neither too rare nor too frequent, i.e., at intermediate 
levels of disturbance.  The variability in invertebrate community composition and 
production on the CRD following the tectonic uplift in 1964 as well as the effect of 
the cycle of tectonic activity of the last 3000 years on CRD ecosystems (Pflaker 
1990) provides further evidence to support the IDH.   
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The earthquake in 1964, (a disturbance) created uplifted marsh ponds.  
Prior to tectonic disturbance, the area that is now uplifted marsh was tidally 
influenced wetlands (Powers et al. 2002).  Tectonic uplift created a perched 
freshwater system, fed primarily by groundwater and glacial rivers/streams, that  
was no longer tidally influenced (Reimnitz 1972, Boggs 2000; Potyandy et al. 
1975; Thilenius 1990).  Beavers also quickly expanded their range into the 
marsh, and are a major influence on the formation and upkeep of ponds and 
sloughs in the UM (Cooper 2007).  The newly formed UM ponds represented 
new habitats for aquatic insects.  Unfortunately, there are no data on aquatic 
insect communities in the Delta prior to the 1964 earthquake, but the OP ponds 
can be used as a space for time substitute for the lack of those data.  The OP 
was unaffected by the tectonic disturbance in 1964, although it is likely that 
tectonic activity in the Copper River Delta is cyclical (Pflaker 1990). At one time 
(300-1000 yrs ago) the OP was similar to the UM in that it was composed of 
tidally influenced wetlands that were transformed into a perched freshwater 
marsh following a previous tectonic event.  If current OP community composition 
is considered a reflection of pre-earthquake conditions, it can be concluded that 
most, if not all, of the aquatic insect species were present in the delta before the 
last tectonic event.  Additionally, most of the taxa found in the UM were also 
present in the OP, and the new habitat created post-earthquake allowed some 
insects to expand their range due to the availability of new resources and lack of 
competition.    In general, OP ponds are smaller, deeper, and with more 
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extensive emergent/submergent vegetation beds than UM ponds, which is likely 
due to vegetation succession.  The intermediate disturbance hypothesis (IDH, 
Connell 1978) can be used to explain why UM ponds have higher taxa richness 
than OP ponds.  Likewise, the variability between UM and OP ponds is further 
evidence to support the IDH and can lead to the conclusion that fairly frequent 
tectonic disturbances are beneficial by creating new habitats for aquatic insects 
and other organisms inhabiting CRD ponds.  It is likely that if tectonic 
disturbances became less frequent, or were halted altogether, overall diversity of 
aquatic insects and plants in UM ponds would decrease and all ponds across the 
Delta would more closely resemble OP ponds in terms of insect and plant 
communities.  A lack of cyclical tectonic uplift could also limit the number of 
ponds present in Delta, as older ponds fill in due to vegetation succession, while 
new ponds are created very slowly at the mouth of the delta, in what is know as 
the “newly created marsh”. 
Aquatic vegetation is likely the most important biotic factor influencing 
aquatic insect communities in the delta (Batzer & Wissinger 1996, de Szalay and 
Resh 2000).  Emergent and submergent vegetation in Delta ponds is used by 
aquatic insects as food (for shredders, detritivores, and scrapers), shelter (for 
predators and prey), mating habitat and emergence structure.  Differences in 
aquatic plant communities between the UM and OP can help explain the 
contrasting aquatic insect communities between ponds in these geomorphologic 
zones. 
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Most OP ponds are now dominated by only a few macrophyte species.  
Four of the six OP ponds in this study had littoral zones almost completely 
dominated by Carex sp.  Alaganik Outwash (AO) ponds have emergent 
vegetation communities more similar to UM ponds.  Both AO ponds were almost 
entirely dominated by Nuphar polysepalum and Menyanthes trifoliata and had 
little open water during the growing season.  Menyanthes trifoliata was the 
dominant littoral emergent vegetation in all UM ponds in this study.  Outwash 
Plain ponds with margins of Carex sp. typically had steeper banks, whereas UM 
ponds with margins dominated by M. trifoliata had more gradually tapering 
banks.  These two types of vegetation also provide different structures for insects 
as they mature.  Carex sp. tends to form a thick, almost impenetrable mat, 
whereas M. trifoliata forms a matrix of roots that creates a false bottom that is 
more loosely connected than Carex sp. 
The transition line between UM and OP habitats is thought to be very 
close to the location of AO ponds (Figure 2), however based on pond vegetation 
it appears that the transition line should be shifted to more closely represent the 
border between the UM and OP, or that the AO ponds are an example of a pond 
type intermediate to the UM and OP.  Alaganik Outwash ponds had aquatic 
insect communities and overall taxa richness more similar to UM ponds than OP 
ponds.   
Aquatic insect communities in UM and OP ponds not only differed in taxa 
richness but also with respect to the numerically dominant taxa and predominant 
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functional feeding groups/trophic levels.  Both UM and OP ponds were 
numerically dominated by C. vulnerata, however UM ponds supported larger 
populations of C. vulnerata and most Trichoptera taxa than OP ponds (Table 4).  
In contrast, OP ponds supported larger populations of Odonata, which are the 
dominant aquatic predators in Delta ponds along with Dytiscidae (Coleoptera). 
However, the Dytiscidae were found in similar relative abundances in both pond 
types.  Batzer and Wissinger (1996) found higher diversity and overall 
abundance of large invertebrate predators in perennially flooded ponds 
compared to temporary flooded ponds.  Although none of the study ponds can be 
considered “fishless” due to the presence of three-spined sticklebacks 
(Gasterosteus aculeatus), these fish have very small mouths and feed primarily 
on small aquatic macroinvertebrate and microinvertebrate prey (Becker 1983).  In 
fact, large Aeshna spp. nymphs, particularly late instars, are capable of feeding 
on small fishes (Walker 1953) and likely feed on sticklebacks in Delta ponds.  
Batzer and Wissinger (1996) indicate that the longer a wetland remains flooded, 
the higher the densities of many insect predators as well as other predaceous 
wetland taxa.  Because OP ponds are likely hundreds of years older than UM 
ponds that were created as a result of the 1964 earthquake, it is not surprising 
that predators are more prevalent (or numerous) in OP than in UM ponds.   
 All UM ponds had similar aquatic insect community composition (Table 
5), densities, and dominant aquatic plants, whereas each OP pond had 
characteristics that were more specific to that pond or watershed.  The 
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similarities seen among UM ponds is not surprising.  All UM ponds were formed 
at approximately the same time and the high similarity in insect communities is 
likely due to similar physical traits (size, depth, surface area, etc.), macrophyte 
assemblages, and age of the ponds.   Less is known about the history of OP 
ponds.  Some may have been created during the tectonic uplift preceding the 
1964 event, some may be beaver ponds, and some may have formed as a 
glacial river/stream changed paths.  The large number of possibilities for OP 
pond formation and subsequent succession are possible explanations as to why 
OP ponds show greater variability in community composition.   
Numerically Dominant Taxa- Densities and Secondary Production 
Odonata 
The absence of aquatic vertebrate predators, i.e., fish, in the majority of 
ponds across the delta is revealing, in that aquatic macroinvertebrates, 
particularly Odonata, are the dominant predators filling the role typically held by 
fish. Odonata are predators both as nymphs and adults, and most likely feed 
primarily on other aquatic insects.  The numerically dominant odonates in the 
study ponds were Aeshna spp. (Anisoptera) and Enallagma spp. (Zygoptera); 
however other taxa including Libellula quadrimaculata and Leucorrhinia spp. 
(Libellulidae), Lestes disjunctus (Lestidae) and Cordulia shurtleffii (Corduliidae) 
also were commonly collected.  Taxa richness of Odonata on the CRD (6 taxa) is 
low compared to other studies (Benke & Benke 1975, Benke 1976, Braccia et al. 
2007).  The studies by Benke & Benke (1975) and Benke (1976) were conducted 
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in a farm pond in South Carolina that had been drained and refilled.  Sampling 
was conducted at a time when the newly-filled pond was only 1-4 years old.  
Even with the young age of the pond, 14 odonate taxa were collected.  Braccia et 
al. (2007) conducted a study on newly constructed ponds (1-3 years old during 
sampling) and reported 19 odonate taxa.  Although higher taxa richness in ponds 
at lower latitudes than the CRD is not unexpected, ponds in the Benke & Benke 
(1975) and Braccia et al. (2007) studies were very young, yet still supported a 
greater richness of similar odonate taxa to the study ponds in the CRD.     
In addition to taxa richness, densities of Anisoptera and Zygoptera were 
also much lower than closely related taxa in locations in the continental US.  The 
range of mean densities for Anisoptera (Aeshna spp.) and Zygoptera (Enallagma 
spp.) in this study were approximately <1-5 individuals/m2 (range <1-20/m2).  In 
comparison, Benke & Benke (1975) reported Anisoptera mean densities of 539-
1929 individuals/m2 from a farm pond in South Carolina, McPeek (1990a) 
reported 170-678 individuals/m2 from fishless lakes in Michigan, and Braccia et 
al. (2007) reported 21-235 individuals/m2 from newly constructed ponds in 
Virginia.  In addition, McPeek (1990a) and Braccia et al. (2007) reported 
Zygoptera mean densities of 648-2080 individuals/m2 and 12-228 individuals/m2, 
respectively.   Considerably lower densities of Anisoptera and Zygoptera in CRD 
ponds, compared to other studies, could be due to the short growing season, 
long life cycles (1-4 or more years), a possible shortage of prey, and high 
competition in CRD ponds.  A more detailed study examining prey availability 
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and prey selection of these Odonata may also provide insight as to why densities 
are so low.  A previous study on midges (Diptera: Chironomidae) in CRD ponds 
reported very low densities (<500/m2) (M. Schroer, Loyola University Chicago, 
personal communication) in comparison to midge densities in other North 
American ponds ranging from 6000-12,000/m2 (Benke 1976).  Braccia et al. 
(2007) also reported low dipteran densities (mean 143/m2) in newly created 
ponds (~1 year old). Differences in abiotic and biotic conditions between Delta 
ponds and ponds located at lower latitudes in North America may help to explain 
differences in odonate densities.  
Aeshna spp. life histories were difficult to discern based on size class and 
frequency data collected in this study.   Reported life histories of Aeshna spp. 
from similar latitudes/climate indicate that development from nymph to adult is at 
least 4 years (Walker 1953, Corbet 1999), which would explain the presence of 
many size classes throughout the collection period.  Aeshna spp. adults were 
observed sporadically during the sampling season; however they appeared in 
greater abundances on sunny days, which were very infrequent.  Only ~7 days of 
sun or mostly sun occurred during this study from June – September 2008 (Merle 
K. “Mudhole” Smith Airport (CDV), Cordova, AK).   
Enallagma spp. were observed as adults throughout much of the 2008 
sampling season, and also were more abundant on sunny days, with a 
particularly large emergence occurring in August from Alaganik Outwash ponds.  
Whitehouse (1941) reported E. boreale in western British Columbia on-the-wing 
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from April to mid-October, which corresponds closely with observations made 
during this study and indicates a seasonal, but asynchronous life history 
(emergence during the summer, but not en masse).  Life history studies of 
Enallagma spp. in climates similar to that on the CRD indicate that one 
generation per year was common (Walker 1953, McPeek 1990a, Corbet 1999).   
Secondary production estimates of the two numerically dominant Odonata 
(Aeshna spp. and Enallagma spp.) in CRD ponds were low in comparison to 
other published data.  Braccia et al. (2007) presented all of the published data on 
Odonata secondary production to date, and results from the present study have 
been added to the table for comparison (Table 7).  Although the present study 
calculated secondary production as ash-free dry mass (AFDM), a conversion 
factor of 1g dry weight (DW) or dry mass (DM) to .92g AFDM was used to 
compare to other published data calculating secondary production as DM 
(Waters 1977, Benke et al. 1999).  Although there have been no studies 
reporting secondary production rates for the genus Aeshna, published production 
values (Table 7)  for closely related taxa in the same family (Aeshnidae) were 
higher (12-1847 mg/m2/yr) than those for Aeshna spp. in this study (0-318 
mg/m2/yr).  Similarly, production values for Enallagma spp. in this study (0-74 
mg/m2/yr), were lower than those estimated by Braccia et al. (2007) (116-437 
mg/m2/yr).  Low secondary production estimates for odonates in CRD ponds are 
not surprising given their presence in low densities.  A likely explanation for low 
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predator production in CRD ponds is the paucity of prey resources (Diptera, 
Trichoptera etc.) (Benke 1976).  
Secondary production estimates of the two numerically dominant 
predators (Aeshna spp. and Enallagma spp.) were combined to compare 
predator production between the two pond types (UM and OP) (Table 6).  Few of 
the UM ponds had high enough densities of any of the taxa for secondary 
production to be calculated, but if densities were high enough, secondary 
production was still calculated.  In contrast, densities in almost all OP ponds were 
sufficient to estimate secondary production.  This observation supports other 
reported data regarding aquatic insect predators and the Intermediate 
Disturbance hypothesis in that predators, such as Odonata, tend to increase in 
abundance as ponds mature (Connell 1978).  The largest Odonata found on the 
Delta, Aeshna spp., was only found in relatively high densities in OP ponds (<1-
20/m2), when compared to UM ponds (<1-4/m2).  Likewise, the smaller 
Enallagma spp. was found in some UM ponds only at low densities (<1-2/m2), but 
in OP ponds at slightly higher densities (<1-10/m2).  Summing the production 
values of the numerically dominant predators (Aeshna spp. and Enallagma spp.) 
revealed OP ponds had more than 5x greater predator production than in UM 
ponds.  These data further support the Intermediate Disturbance hypothesis and 
similar studies of lentic aquatic insects, in that older, more mature ponds tend to 
support higher abundances of aquatic insect predators due to greater availability 
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of prey items when compared to younger, newly created ponds (Benke 1976, 
Connell 1978, McPeek 1990a, Braccia et al. 2007). 
 Alaganik outwash (AO) ponds had the highest densities and secondary 
production of Enallagma spp. among the study ponds, but few other Odonata 
taxa were present.  Again, this seems to support the observation that AO ponds 
should be more accurately classified as UM ponds or as an intermediate form.  
Braccia et al. (2007) reported that the first Odonata to colonize newly constructed 
ponds were Enallagma civile, whereas Benke (1976) reported Libellulidae as the 
most abundant Odonata taxon in a mature pond.  The distinction of mature OP 
ponds from UM ponds was clear on the basis of fewer Enallagma spp. and more 
of the larger Anisoptera, including Aeshna spp., Libellula quadrimaculata and 
Leucorrhinia spp.  For example, Scott Outwash #4 was dominated by large 
Odonata, which had a secondary production estimate for Aeshna spp. that was 
10x higher than any other study pond.  ScO4 had very few non-dipteran taxa 
present and was the only pond where C. vulnerata was absent.  Interestingly, the 
two non-dipteran taxa other than Aeshna spp. that were relatively common in 
ScO4 were both predators (Libellulidae: Leucorrhinia spp.: Dytiscidae: Agabus 
spp.).  This pond is an  example of intraguild cannibalism among Odonata, which 
has been reported by Johansson (1993), and nymphs of Aeshna cyanea have 
even been observed climbing emergent vegetation to prey on adults of their own 
species (Tennesen 2008 in: Merritt et al. 2008).  The lack of prey most likely 
indicates that the relatively abundant Odonata are preying on one another, 
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although further study on predator diets is required for confirmation of this 
explanation.  Braccia et al. (2007) and McPeek (1990a) reported that another 
large Aeshnidae, Anax sp., significantly affected densities of prey items, including 
other smaller Odonata, in particular Enallagma spp., so it is not surprising that 
ponds with higher abundances of large Anisoptera, such as Aeshna spp., do not 
support large populations of Zygoptera (Enallagma spp. and Lestes disjunctus).  
It is possible that adult Aeshna spp. selected ponds with higher densities of 
Zygoptera as a food source for their offspring, subsequently lowering the 
Zygoptera abundance in those ponds, however further study is needed to confirm 
this conclusion. 
Scott Outwash #4 is a good example of the final succession stages of 
ponds on the delta because it has no open water and is entirely dominated by 
emergent vegetation, a mix of Carex sp. and Equisetum sp. with occasional 
Nuphar polysepalum.  Scott Outwash #4 is one of the smallest ponds sampled 
(approximately .10-.13 hectares), but was relatively deep (max. 75cm), had the 
lowest mean temperatures recorded during the study and has riparian vegetation 
dominated by large willows, alders and Sitka spruce.  These characteristics, as 
well as invertebrate assemblages and secondary production, indicate that this 
pond is highly mature, and may be in the final stages of succession/hydrosere.  
Other sampled OP ponds were similar in size and depth to ScO4, but did not 
exhibit characteristics of advanced hydrosere and had far more open water as 
well as more diverse aquatic insect assemblages.  
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Callicorixa vulnerata Nemotaulius hostilis Agrypnia sp. Aeshna sp. Enallagma sp.
CPI (months) (12) (4) (12) (48) (12)
Alaganik Outwash #1 156.73 0 0 21.61371668 67.53897
Alaganik Outwash #4 422.4125 0 27.8775 0 60.3822975
Scott Outwash #4 0 0 0 293.2207031 0
Scott Outwash #5 666.495 1.9475 0 0 10.378125
Sheridan Outwash #1 61.5825 0 0 26.18578125 0
Sheridan Outwash #2 361.06875 0 0 14.5099944 13.2307605
Alaganik Uplift #1 598.4475 0 20.9925 0 0
Alaganik Uplift #2 373.5725 0 27.3532212 0 0
Scott Uplift #2 131.16 2.45375 30.245625 0 0
Scott Uplift #3 246.31875 1.515 53.409375 0 23.776875
Sheridan Uplift #2 512.6559375 4.4779235 64.4462415 31.78749675 22.569975
Sheridan Uplift #3 886.0775 3.746567625 37.2105945 0 19.0828125
Omnivores Primary Consumers Predators
Outwash Plain 1668.28875 29.825 507.0603485
Uplifted Marsh 2748.232188 245.8507983 97.21715925
 
Table 6.  Annual secondary production (mg AFDM/m2) and cohort 
production intervals of numerically dominant taxa from ponds in the Copper 
River Delta, AK (2008). 
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Taxon P Habitat Location Source
Anisoptera
Aeshnidae Anax junius 266 - 1826 New ponds Virginia, US Braccia et al. 2007
Boyeria vinosa 575-745 Stream Georgia, US Benke et al. 1984
Boyeria vinosa 12-1847 Stream Virginia, US Smock et al. 1992; Smith & Smock 1992
Aeshna sp. 0-318* Delta Ponds Alaska, US This Study
Cordulegastridae Cordulegaster maculata 160-612 Stream Virginia, US Smock et al. 1992; Smith & Smock 1992
Gomphidae Dromogomphus spinosus 600-2900 Stream Virginia, US Kedzierski & Smock 2001
Gomphus exilis 6-41 New ponds Virginia, US Braccia et al. 2007
Gomphus cavillaris 97-359 Stream Virginia, US Smock et al. 1992; Smith & Smock 1992
Hagenius brevistylus 0-2 Stream Virginia US Smith & Smock 1992
Heliogomphus scorpio 182 Stream Hong Kong, Japan Dudgeon 1989a
Onychogomphus sinicus 236 Stream Hong Kong Japan Dudgeon 1989a
Progomphus obscurus 0-10 Stream Virginia, US Smith & Smock 1992
Libellulidae Celithemis fasciata 2170 Farm pond South Carolina, US Benke 1976
Epitheca spp.* 1980 Farm pond South Carolina, US Benke 1976
Ladona deplanata 1740 Farm pond South Carolina, US Benke 1976
Neurocordulia molesta 651-1867 Stream Georgia, US Benke et al.2001
Zygoptera
Calopterygidae Calopteryx dimidiate 71-1243 Stream Virginia, US Smock et al. 1992; Smith & Smock 1992
Coenagrionidae Argia tibialis 44-372 Stream Vashington, US Gaines et al. 1992
Argia translate 13 -345 Stream West Virginia, US Kirk & Perry 1994
Enallagma civile 116 - 437 New pond Virginia, US Braccia et al. 2007
Enallagma sp. 0-74* Delta Ponds Alaska, US This Study
Pyrrhosoma nymphula 700 Pond England, Durham Lawton 1971
Telebasis salva 7900 Travertine spring Arizona, US Runck & Blinn 1993
Euphaeidae Euphaea decorate 132 - 167 Stream Hong Kong, Japan Dudgeon 1989c
Table 7. Summary of Odonata production from published literature. P = annual 
production (mg dry weight (DW)/m2/yr) (Taken from Braccia et al. 2007, with 
production values from this study added) 
 
* Secondary production originally calculated for ash-free dry mass (AFDM) 
and converted to DW by a conversion factor of 1g DW: .92g AFDM (Waters 
1977, Benke 1999) 
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Trichoptera 
Trichoptera were abundant in most of the study ponds with only Hemiptera 
occurring in greater densities.  Trichoptera was the most diverse order in terms of 
taxa (12) compared to any other non-dipteran order.  The most abundant taxa 
were Nemotaulius hostilis (Limnephilidae), Agrypnia spp. (Phryganeidae) and 
Oxyethira sp. (Hydroptilidae), although, as with the Odonata, densities were low 
(<4 individuals/m2 for N. hostilis & Agrypnia spp.).  Densities of Oxyethira sp. 
were not estimated because it was only collected as late instars.  It should be 
noted that late instar Oxyethira sp. were present in relatively high densities in 
most of the study ponds.  Future studies would benefit by using another sampling 
method to collect early instars of Oxyethira sp..  Oxyethira sp., N. hostilis and 
Agrypnia spp.  are considered primary consumers, and function as shredders 
and detritivores (Merritt et al. 2008).  Nemotaulius hostilis and Agrypnia spp.  
also use macrophytes as material to construct larval/pupal cases.  Agrypnia spp.  
in CRD ponds construct cases that are very similar, even as different instars, 
whereas N. hostilis cases varied in construction materials depending on instar. 
It was not possible to estimate secondary production of Oxyethira because 
of the lack of early instars collected, although production was calculated for N. 
hostilis and Agrypnia spp.  N. hostilis was collected in July, August and 
September 2008, and only in high densities in August and September.  The 
mean size of N. hostilis larvae increased from July-September, and indicate that 
N. hostilis has a seasonal synchronous life history that includes overwintering as 
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eggs, hatching in July/August, a short larval stage (4-8 weeks), followed by 
pupation and emergence in September and possibly October, although samples 
were not collected after September.  Secondary production values estimates for 
N. hostilis were low, (<5 mg AFDM/m2/year) and of the 5 ponds with sufficient 
densities to calculate production, only one was in the OP (Scott Outwash #5).   
The life history of Agrypnia spp. in delta ponds is most likely seasonal but 
asynchronous.  Adults were observed from July-September and most size 
classes of larvae were collected during the 4-month sampling period.  In 
particular, Agrypnia spp. in all but the smallest size classes were collected in 
June, which suggests that most Agrypnia spp. in study ponds overwinter as 
larvae.  Wissinger et al. (2003) also reported Agrypnia spp. overwintering as 
larvae in high altitude wetlands in Colorado, and reported swarming and mating 
in mid-to-late July.   In CRD study ponds, early instars were collected primarily in 
July and August, which is most likely the primary mating season. 
Mean secondary production of Agrypnia spp. in all UM ponds was 39 mg 
AFDM/m2/year, but could be estimated in only one OP pond (Alaganik Outwash 
#4), which is a similar pattern of distribution/density to N. hostilis.  This pattern 
indicates higher densities and production of the major shredders/detritivores (in 
this case Trichoptera) in UM ponds compared to OP ponds.  It should be noted 
that N. hostilis and Agrypnia spp. were collected in most ponds, but generally in 
low numbers in OP ponds (Table 5).  This observation provides evidence that the 
OP ponds where the source of many invertebrate colonizers of UM ponds.  In 
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addition, this observation is consistent with the Intermediate Disturbance 
hypothesis (Connell 1978) as a likely explanation for the increased abundances 
and production of taxa in newly formed habitats prior to the earthquake of 1964. 
Tectonic events occur on the Delta at a rate that is likely neither too frequent nor 
to rare, and which would, according to the IDH, maximize the diversity of 
organisms present in UM delta ponds. Outwash plain ponds are relatively 
undisturbed by tectonic events and provide an explanation as to why certain 
dominant species outcompete less dominant species.  Uplifted Marsh ponds 
present an ideal habitat for these caddisflies to colonize because of the presence 
of certain macrophyte beds (i.e., M. trifoliata, H. vulgaris), which are crucial as a 
food resources and as material for case-building.  The lack of competition and 
the abundance of preferred habitat allowed N. hostilis and Agrypnia spp. to 
quickly and successfully colonize the newly formed ponds after the tectonic uplift. 
Hemiptera: Callicorixa vulnerata 
The most abundant non-dipteran aquatic insect in CRD study ponds was 
Callicorixa vulnerata, which comprised 61% of all of specimens collected and 
identified.  Callicorixa vulnerata was not only the taxon with the highest densities 
in the study ponds, but it also had the highest secondary production rates of the 
5 numerically dominant taxa.  Callicorixa vulnerata was absent from only one 
pond, Scott Outwash #4 (ScO4).  The lack of open water (Corixidae are highly 
mobile free swimming insects) and the dominance of large aquatic insect 
predators (Aeshna spp.) in ScO4 are two likely explanations for the absence of 
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C. vulnerata.  Callicorixa vulnerata were collected in relatively high numbers in 11 
of the 12 ponds, however production estimates differed between UM and OP 
ponds.   Mean C. vulnerata secondary production in UM ponds was nearly 2X 
that in OP ponds (458 vs. 278 mg AFDM/m2/year, respectively).  As with N. 
hostilis and Agrypnia spp., it seems likely that the UM, after the tectonic uplift of 
1964, provided an abundance of new habitats ideal for C. vulnerata to colonize.  
In addition, the lack of competition likely allowed C. vulnerata densities to 
increase dramatically, which would explain differences in production and 
abundance between the UM and OP ponds.  Corixidae have been reported as 
effective migrants (Stonedahl & Lattin 1986), and many taxa readily take to the 
wing to find food, suitable mating grounds, or to escape less than ideal conditions 
in exchange for a better suited habitat.  Large swarms of C. vulnerata were seen 
on the wing in September, particularly near small streams where coho salmon 
(Oncorhynchus kisutch) spawn.  Callicorixa vulnerata were observed feeding on 
salmon carcasses.  Interestingly, very few if any Corixidae were observed in 
these streams at other times of the year (personal observation, Sept. 2008).  It is 
possible that C. vulnerata disperse from ponds in September to take advantage 
of this novel food resource, and then return to Delta ponds for the winter.   
Callicorixa vulnerata was likely one of the first colonizers of the newly formed 
ponds after the 1964 tectonic uplift because of their documented migratory 
behavior and observations made during this study.  If C. vulnerata is predaceous, 
which has been reported elsewhere (Merritt et al. 2008), then it might also 
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explain why C. vulnerata is successful in UM ponds and may outcompete other 
predators by migrating in large numbers and quickly filling that functional role 
thereby making it difficult for other predators to become established.   
Hungerford (1977) describes C. vulnerata as a detritivore or zoophagous 
predator, which likely feeds on a variety of prey, including zooplankton, 
Chironomidae larvae, and early instar Corixidae (Stonedahl & Lattin 1986).  
Stonedahl and Lattin (1986) also found that corixids in acidified lakes in Sweden 
and Norway were often the top predators and played an integral role in the 
regulation of zooplankton communities.  C. vulnerata is most likely omnivorous in 
the Delta, but further study of their feeding habits is needed to support this 
conclusion. 
Statistical Analyses 
Non-metric multidimensional scaling (nMDS) was used in this study to aid 
in examining similarities among ponds and between pond types.  The nMDS is a   
2-dimensional graphical representation of the relative similarities of 3 or more 
“samples”, in this case the study ponds.  Data from one or more variables are 
compiled in a similarity matrix, which is then used to create the graph.  The 
closer in distance that two samples (ponds) are to one another, the more similar 
they are (in terms of the variables entered). Similarities/differences between 
ponds and among watersheds were most clearly evident in nMDS analyses that 
included community composition and/or secondary production, whereas 
ordinations that included physicochemical data were not as informative.  The 
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large variability in physicochemical data likely confounded results presented in 
the nMDS ordinations.  An nMDS ordination including pond insect community 
structure (taxa presence/absence), annual secondary production of the 5 
numerically dominant taxa, and water temperature demonstrates a strong 
similarity among UM ponds, whereas OP ponds are less similar to each other 
and to UM ponds (Figure 5).  As previously discussed, AO ponds are most likely 
UM ponds or an intermediate between UM and OP pond types based on benthic 
invertebrate community structure and pond macrophytes.  These nMDS 
ordinations support this conclusion because AO ponds are grouped more closely 
to UM ponds than to the remaining OP ponds.  The same relationship is seen in 
Scott Outwash #5 (ScO5), which is grouped with UM ponds.  Also, it is not 
surprising that ponds located near one another, in the same zone/watershed, are 
more similar to one another than ponds located in other watersheds.  One 
exception to this general observation is Scott Outwash ponds.  Scott Outwash #4 
(ScO4) is an outlier, and highly dissimilar from ScO5, or any other pond.  This 
relationship is not surprising given the unique biotic and abiotic factors in ScO4 
(advanced vegetation succession, lack of Corixidae, Aeshna spp. numerically 
dominant, low water temperature).   
An nMDS ordination using only aquatic insect community composition 
revealed similar relationships as the nMDS discussed above (Figure 6).  Again, 
UM ponds group rather closely, although not as close as the previous nMDS 
ordinations, and  AO ponds are grouped with UM ponds.  The remaining OP 
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ponds are fairly dissimilar to the UM, and are grouped on the upper half of the 
graph, although their grouping is more diffuse than among the UM ponds.   
 
Conclusion 
The Copper River Delta (CRD) is a complex and valuable natural resource 
and provides critical habitat for migrating and breeding birds.  Ponds in the CRD 
provide food resources, breeding and nursery grounds, and protection from 
predators and are key to the survival of many species of mammals, birds, and 
fish.  Aquatic insects in CRD ponds represent a biotic component vital to the 
structure and function of the coastal wetland ecosystem as a whole.  This study 
examined aquatic insect community composition and secondary production in 
CRD ponds from two landscapes types: older Outwash Plain (OP) and more 
recently formed Uplifted Marsh (UM) ponds that were created as a result of a 
tectonic event, the Great Alaskan Earthquake of 1964. 
Although the 1964 earthquake was a devastating natural disaster to 
humans in the area, it was beneficial to the flora and fauna that inhabit 
freshwater areas on the CRD by increasing the suitable habitat area ~200%.  
The relatively young Uplifted Marsh encompasses ~66% of the surface area in 
the West CRD and contains the vast majority of all ponds present in the CRD 
today.  The freshwater portion of the CRD present before the 1964 earthquake 
and still present today is the Outwash Plain (OP), a zone that contains far fewer 
ponds than the UM and was left largely unaffected by the tectonic uplift.   
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Results from this study showed that Uplifted Marsh ponds generally had 
greater taxonomic richness and aquatic insect secondary production compared 
to OP ponds.  These differences are likely due to the disturbance from the 1964 
earthquake.  Greater taxonomic richness and secondary production in UM ponds 
conform to predictions from the Intermediate Disturbance Hypothesis (IDH, 
Connell 1978), that the relatively recent (46 years ago) disturbance created new 
habitat for aquatic insects with subsequent increases in secondary production 
and mean taxa richness.  In the absence of tectonic uplift and the creation of UM 
ponds, pond habitat in the CRD likely would have become scarcer due to 
advancing vegetation succession (hydrosere) in the Outwash Plain.  Outwash 
Plain ponds represent the types of aquatic habitats that would have 
predominated on the CRD if the tectonic disturbance had not occurred.  In the 
absence of tectonic disturbance the OP landscape would be characterized as 
having few ponds all primarily in advancing stages of vegetation succession. 
The findings of this study will have implications for wildlife management in 
the CRD.  Wildlife and fisheries managers will now have a better understanding 
of the ecology of CRD ponds and the differences between ponds in the major 
landscape types.  Community composition and secondary production data 
collected from CRD ponds in this study provide valuable information that can be 
used by managers to determine environmentally sensitive areas and provide 
insights on which ponds may provide more suitable habitat for birds and other 
wildlife.  Future research on the CRD will help to expand our understanding of 
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the relationships among aquatic insects, pond vegetation, birds, mammals and 
other vertebrates that use the ponds for at least some part of their life history.  
Furthering our knowledge and understanding of the CRD as an ecosystem will 
have far reaching impacts, not only in the conservation of local species, but also 
in the conservation of migrating wildlife such as the rusty blackbird, dusky 
Canada goose and the myriad of other waterfowl, songbirds, and shorebirds that 
rely on the CRD. 
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